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ABSTRACT
The intent of this thesis is to examine the psychometric properties of a complex span task (CST)
developed to measure working memory capacity (WMC) using measurements obtained from a
sample of 68 undergraduate students at the University of Central Florida. The Grocery List Task
(GLT) promises several design improvements over traditional CSTs in a prior study about
individual differences in WMC and distraction effects on driving performance, and it offers
potential benefits for studying WMC as well as the serial-position effect. Currently, the working
memory system is composed of domain-general memorial storage processes and informationprocessing, which involves the use of executive functions. Prior research has found WMC to be
associated with attentional measures (i.e., executive attention) and the updating function, and
unrelated to the shifting function. The present study replicates these relationships to other latent
variables in measures obtained from the GLT as convergent and discriminant evidence of
validity. In addition, GLT measures correlate strongly with established measures of WMC. Task
reliability is assessed by estimates of internal consistency, pairwise comparisons with a crossvalidation sample, and an analysis of demographic effects on task measurements.
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INTRODUCTION
The present thesis aims to evaluate the psychometric properties of the Grocery List Task,
a mental task designed to study working memory. Before proceeding, an overview of the
working memory system and its importance for human life are included in this section, along
with a discussion of applicable models used guide the hypotheses tested in this thesis.
BACKGROUND
Working memory refers to a cognitive system in which a small amount of information is
temporarily maintained for processing and rapid access (Baddeley, 1986; Cowan, 2005). In
practice, working memory has been predictive of performance in a variety of higher-order
capabilities such as understanding instructions, problem-solving on the computer, learning a
foreign language, and situational awareness in maneuvering of technical systems in driving and
aviation (Just & Carpeter, 1992; Engle, 2002; Sohn & Doane, 2003; Engle & Kane, 2004;
Conway, Jarrold, Kane, Miyake, & Towse, 2007; Unsworth, Redick, Heitz, Broadway, & Engle,
2009). Usage of the working memory system is so inescapable to humans, in fact, that most
everyday situations have been found to require some degree of processing by working memory
(Kane, Conway, Hambrick, & Engle, 2007; Cohen & Conway, 2008). Literature on the working
memory system follows the paradigm of studying individual differences in working memory
capacity (WMC), the limited capacity of the working memory system, which has been used to
explain differences in academic achievement and deficits in learning (Larkin, McDermott,
Simon, & Simon, 1980; Groen & Patel, 1988; Gathercole & Alloway, 2008), and is known to
increase as the prefrontal cortex develops and decrease with age in adults (Baddeley, 2012;
Clark, Hardman, Schachtman, Saults, Glass, & Cowan, 2018).
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THEORETICAL MODELS
Although working memory is defined fairly consistently, the literature lacks consensus in
defining precisely what constitutes the working memory system itself. The Baddeley-Hitch
multi-component model, for instance, conceptualizes the central executive as the control center
of information to its slave systems—the phonological loop for verbal content, and the
visuospatial sketchpad for visual and spatial content—as well as an episodic buffer to link them
to the long-term memory system (Baddeley & Hitch, 1974; Baddeley, 1986, 2009, 2012). In this
regard, Baddeley’s modal model assumes working memory is a domain-specific, with distinct
structures to support processing of different varieties of information. Like other critics of
Baddeley’s theory, Engle and Kane (2004) have questioned this assumption and argued that the
multi-component model implies the existence of different types of working memory (e.g.,
spatial, verbal, sound, etc.), and hence its conceptualization of working memory lacks a
parsimonious explanation for an underlying, domain-general system for information-processing
and memory storage (Pashler, 1999).
Instead, Engle and Kane (2004) proposed that the working memory system behaves
according to the two-factor theory of cognitive control. The overarching theory describes
executive attention (EA), an attentional component specified by Fan, McCandliss, Somer, Raz,
and Posner (2002), as separate but closely related to working memory, especially within the
context of situational awareness (Miyake et al., 2000; Engle & Kane, 2004; Redick & Engle,
2006; Kane et al., 2007; Brown, & Robert, 2014). As a factor of cognitive control, EA behaves
similarly to Posner (1980)’s attentional spotlight in maintaining attention on information
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pertinent to a specific task (Kane & Engle, 2003). The tri-layer embedded-processes model
expands on Engle and Kane’s proposed link between WMC and attention, suggesting that
individual differences in WMC are attributed in part to the attentional component of the working
memory system, the focus of attention (FA) (Cowan, 1999; 2001; 2005). The FA activates a
layer of LTM (a-LTM), resulting in our ongoing thoughts; however, this activated memory is
susceptible to interference effects and decay (Cowan, 1999). Among other such activation
models, the concentric model describes storage systems with a structural paradigm similar to that
of Baddeley’s, and has shown promise beyond specialized updating tasks (Oberauer, 2002;
Oberauer, Lewandowsky, Farrell, Jarrold, & Greaves, 2012; Velichkovsky, 2017).
Despite their differences in conceptualizing working memory, functional models are
helpful in describing distinct functions of the working memory system, which can then be
invoked by the demands of different tasks (Miyake et al., 2000; Brauer, Neumann, & Friederici,
2008). Updating, for instance, refers to one’s ability to update old, inaccurate information with
new information, and it is invoked in complex span tasks (CSTs) such as the Operation Span
(OSpan) task, as well as other non-CSTs such as the n-back task and the mental counters task
(Garavan, 1998; Miyake et al., 2000; Kane & Engle, 2003; Owen, McMillan, Laird, & Bullmore,
2005; McMillan, Laird, Witt, & Meyerand, 2007). In this regard, the updating function is
responsible for memorial storage in the domain-general model of working memory. Notably,
however, although the n-back paradigm is a common method of measuring WMC, it tends to
correlate weakly with CST measures and should not be used interchangeably with CSTs (Redick
& Lindsey, 2013; Atkins et al., 2014). Shifting is the ability to switch between tasks without
making errors (Miyake et al., 2000), and it is invoked in the Task Switching Task used by Atkins
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and colleagues (2014). Unlike updating, shifting primarily concerns EA and is unrelated to
WMC (Kane et al., 2007), performance on CSTs (Miyake et al., 2000) and fluid intelligence (gF)
(Friedman et al., 2006; Oswald, McAbee, Redick, & Hambrick, 2015). Lastly, inhibition is one’s
ability to intentionally suppress automatic responses to stimuli (Miyake et al., 2000). This
process is invoked in the Stroop and Tower of Hanoi tasks, and requires selecting ignoring
distractive stimuli and selecting goal-relevant information; thus, it is related to both WMC and
EA (Miyake et al., 2000; Heitz & Engle, 2007).
Unsworth, Redick, Heitz, Broadway, and Engle (2009) define working memory rather
broadly as a system with memorial storage and information processing. Working memory is
separate but related to long-term working memory (LTWM), and it is limited by attentional
resources (Unsworth et al., 2009). Although this definition is fairly succinct and captures an
intuitive view of working memory, the underlying model relies upon the assumption of a limitedresource system specified by resource theory, which has received limited support at best
(Baddeley, 1986; Logan, 1997; Engle, Kane, & Tuholski, 1999; Cowan, 2005; Cowan, Morey,
Chen, & Bunting, 2007; Tu & Hampton, 2014).
Independently of the model used to operationalize working memory, there is some
agreement on how to measure WMC. Although related to short-term memory (STM), working
memory does not fully load onto simple span tasks (Felez-Nobrega, Foster, Ribera, & Draheim,
2017). To capture all of its dimensions, WMC must be measured with complex span tasks
(CSTs) in multiple domains (Conway et al., 2005; Unsworth et al., 2009; Foster et al., 2015).
Unfortunately, traditional CSTs have several drawbacks. For instance, the method of
administration is often intrusive and does not allow a participant to engage in other activities in
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the meanwhile; this is problematic when using the task to study distraction effects in driving and
aviation systems. CSTs like the Operation Span task are difficult to administer to groups; and can
be biased by the presence of an experimenter (Pardo-Vázquez & Fernández-Rey, 2008; Heenan,
Herdman, Brown, & Robert, 2014). Moreover, the content of these tasks is abstract and unlike
our everyday experiences with the working memory system; hence, boredom effects can lead to
drops in task performance over a large enough block of trials. In fact, in unproctored CSTs
administered digitally, abstract stimuli such as letters have worsened criterion-related measures
of predictive validity (Hicks, Foster, & Engle, 2016). Reducing the level of abstraction in a
cognitive task has been done before: in the domain of hybrid search tasks, Drew, Boettcher, and
Wolfe (2015) demonstrated that CSTs can adequately measure visual working memory with
information on both partial spans related to a common theme—a grocery list.
Likewise, the newly-developed Grocery List Task (GLT) is a complex span task that
requires participants to manipulate and recall semantic and numerical information from a set of
grocery lists (Louie, in press). Adapted from Daneman and Carpenter (1980)’s auditory Reading
Span, the GLT was designed to require memorial storage as well as the use of executive
attention; hence, its measures should behave according to Miyake et al. (2000)’s model of
executive functions. Originally, the GLT was used as a naturalistic distractor in a study of the
effects of in-vehicle devices on simulated driving performance (Louie, in press). As such, the
GLT sought to fulfill certain objectives to serve as an improvement over traditional CSTs:
Fidelity. The stimuli presented in the task should not be abstract, but rather concretely
pertain to a common human activity that requires both memorial storage and information
processing.
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Interrelatedness between partial spans. Although the task is a dual span, the
information on each partial span should be domain-general and interrelated to adequately
demonstrate evidence of content validity. In other words, the information presented should be
from the same source or about the same topic.
Portability. The task should not be invasive to administer. In particular, participants
should be physically capable of engaging in other activities (e.g., completing another task,
driving, etc.) while the task is being administered such that the task can be used to activate the
working memory system during the completion of these activities.
Standardization. Each set of lists was normalized according to frequency and word
length, while the whole set was normalized for number of items. These methods of
standardization allow the lists to be roughly equivalent and comparable according to these
variables, such that task content is roughly homogenous across lists and list sets.
Simplicity. The task should be straightforward for large samples of participants to
understand, while still fulfilling the other objectives.
If adequately reliable, the GLT could theoretically fulfill these objectives to facilitate
measurements of WMC in certain contexts, as well as provide evidence of the serial-position
effect, which occurs when items near the beginning and end of a list are more likely to be to
encoded and recalled (Capitani, della Sala, Logie, & Spinnler, 1992).
The main goal of this study is to empirically examine the psychometric properties of the
GLT, particularly to examine its predictive validity and reliability. As such, the present study
will follow approaches taken by past research for validating complex span tasks (Gonthier et al.,
2016; Felez-Nobrega et al., 2017).
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To evaluate the GLT’s reliability, internal consistency will be estimated with Cronbach’s
coefficient alpha (Cronbach, 1951; Kane et al., 2004; Gonthier, et al., 2016). Traditional CSTs
often produce alpha values of .70 or better (Conway et al., 2005). Moreover, a regression model
will examine the effects on GLT scores of demographics variables such as age, sex, ethnicity,
major, GPA, and first language as well as clinical disorders known to impact WMC, such as
attention deficit disorder, Alzheimer’s disease, and schizophrenia (Manassis, Tannock, Young, &
Francis-John, 2007; Oswald, McAbee, Redick, & Hambrick, 2015; Brydges, Ozolnieks, &
Roberts, 2017; Colbert, 2018).
Finally, following an approach used by researchers to cross-validate the Reliable Digit
Span (Schroeder, Twumasi-Ankrah, Baade, & Marshall, 2012), the score distribution will be
cross-validated with a sample of undergraduates who completed the GLT several months prior to
the current administration of the GLT.
To demonstrate evidence of validity, the GLT should be reflective of the executive
functions of working memory that are invoked in CSTs. Thus, scores on a battery of CSTs will
be correlated with GLT scores as a convergent measure of validity. Consistent with attentional
models of working memory, performance on the Flanker task, a component of the Attentional
Networks Task (ANT), has been found to be predictive of individual differences in WMC
(Eriksen & Eriksen, 1974; Engle & Kane, 2004; Redick & Engle, 2006; Heitz & Engle, 2007).
GLT scores should therefore be reflective of this relationship; hence, scores and response times
on the Flanker task will be correlated with GLT scores to obtain a criterion-related measure of
validity. Given that shifting is an executive function unrelated to WMC, scores on the Task
Switching Task should be unrelated to GLT scores. Finally, scores obtained from the Task
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Switching Task will be correlated with GLT scores to produce a discriminant measure of validity
(Atkins et al., 2014).
On the basis of this approach, the following set of hypotheses was generated:
Hypothesis 1. As with other CSTs, scores from different GLT lists will produce a value
of Cronbach’s coefficient alpha of .70 or better.
Hypothesis 2. The only significant demographic predictors of GLT scores will be age
and clinical disorders that impact WMC.
Clinical disorders that impact WMC include Attention-Deficit/Hyperactivity Disorder
(ADHD) and learning disorders such as dyslexia and dyscalculia (Brydges, Ozolnieks, &
Roberts, 2017; Colbert, 2018). Participants will also be asked if they receive any treatments for
their condition, as those who are currently being treated may show performance comparable to
participants without disorders (Manassis, Tannock, Young, & Francis-John, 2007; Oswald,
McAbee, Redick, & Hambrick, 2015; Brydges, Ozolnieks, & Roberts, 2017; Colbert, 2018).
The sample will consist of undergraduate students, for whom the prefrontal cortex and
cognitive abilities are still in development (Baddeley, 2012; Linares, Bajo, & Pelegrina, 2016;
Clark et al., 2018). Having smaller WMC, younger participants are thus expected to produce
lower scores.
Hypothesis 3. There will be a positive correlation between performance on the WMC
battery and performance on the GLT; i.e., high-span participants will score higher on the GLT
than low-span participants.
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Hypothesis 4. There will be a positive correlation between performance on the Flanker
task and performance on the GLT; i.e., participants who score high in the Flanker task will score
high on the GLT.
Hypothesis 5. There will be no association between performance on the Task Switching
Task and performance on the GLT; i.e., participants who score high in the Task Switching Task
and participants who score low in the Task Switching Task will produce similar scores.
Hypothesis 6. Consistent with hypotheses 3-5, performance on the GLT should be
related to WMC and EA, and unrelated to shifting.
Hypothesis 7. The distribution of scores obtained in the present study will not differ
significantly from that of the cross-validation sample.
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METHOD
PARTICIPANTS
A sample of 72 undergraduate students attending the University of Central Florida (UCF)
participated in the present study. All participants were recruited during the 2018 summer term
through UCF Sona Systems, a university website that allows students to meet course
requirements and earn extra credit by participating in psychological research. Three participants
did not complete the tasks correctly and were removed altogether from the analyses. In addition,
one participant’s data files for the computer tasks were corrupted, reducing the sample size to 68
for most analyses.
The remaining 69 individuals sampled ranged from 18 to 27 years of age (M = 19.30, SD
= 2.02), and 53.62% were female. A summary of demographics can be found in Table 1.
Moreover, 82.61% of participants’ spoke English as their first language, 10.14% spoke Spanish,
and 7.25% spoke another language (i.e., Arabic, Bengali, Cantonese, Portuguese, or Indonesian).
Table 1: Demographic characteristics
Sex
Ethnicity
White
Black/African American
Hispanic/Latino
Asian
Multiracial
Other
Totals
MATERIALS

Male
17
9
2
2
1
1
32 (46.38%)

Female
21
7
3
5
1
0
37 (53.62%)

Totals
38 (55.07%)
16 (23.19%)
5 (7.25%)
7 (10.14%)
2 (2.90%)
1 (1.45%)
69

Demographics questionnaire. Participants completed a short demographics
questionnaire on Qualtrics, which prompted participants to list their age, GPA, first language,
and any clinical conditions (and treatment for these conditions) that may impair WMC or
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performance on a domain-specific task, such as mental and neurological disorders like ADHD,
autism, schizophrenia, Alzheimer’s disease, dyslexia, dyscalculia, and others.
Grocery List Task (GLT). A complex span task consisting of a set of grocery lists for
which each item has a quantity (specified as a number of boxes) that will be purchased and a
corresponding cost per box. The lists were standardized according to number of words, length of
words, and word frequency for each item using a word frequency corpus1 to reduce the salience
effect (Platzer & Bröder, 2012) as well as the likelihood of random guessing associated with
each item (Dowd, Kiyonaga, Beck, & Egner, 2014). In addition, the quantities and prices were
randomized. Overall, the lists contain 97 unique items (i.e., “Almonds”, “Pasta”, and “Spinach”
each appear on two different lists) and can be found in Appendix C.
To complete the task, participants sat in a driving simulator chair facing a blank projector
screen while a voice recording of my mentor Dr. Jennifer F. Louie reading each list played. The
experimenter scored the participant’s responses silently, obscured from view by a black tarp.
For each item on a given list, participants were told the item type, quantity, and price.
Subsequently, they were given 4 seconds to confirm the correct cost of each type of item by
responding “Yes” or “No” to a possible value of the cost. At the end of each list, participants
were asked to recall as many items on the list as they can in whichever order they recall best
before moving onto the next list.
Participants received the following set of instructions verbally from the experimenter: “In
this task, imagine you are going to the grocery store and need to pick up a list of items. Each

1

The corpus used may be accessed at www.wordfrequency.info.
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item comes in a varying number of boxes. I will tell you the price of each item, and how many
boxes you need to buy. Please verify the total cost of each item by saying ‘Yes’ or ‘No’. We will
give you four seconds to respond before moving on to the next item. At the end of the list, I will
ask you for all the items.” To ensure that participants understood the task requirements, the
experimenter read aloud two sample lists, included in Appendix B. Participants were told to
recall as many items as possible at the end of the list in the order that they recalled them, while
responding and maintaining accuracy in the price-confirmation partial span task.
As designed, the GLT is a dual span task that produces two measures of accuracy:
Primary accuracy (item recall) is considered the average proportion of items correctly recalled
from each list, while secondary accuracy (price confirmation) is the proportion of items for
which a participant correctly verified the cost of a type of item. It is worth noting that the terms
“primary” and “secondary” are merely used as labels, not to indicate that primary accuracy
measure is psychometrically “primary”.
Due to time constraints, the majority of participants completed the task with exactly one
half of the 100 task items, determined using the third digit in the participants’ ID assigned by
Sona Systems. The first half contained lists 1-9, while the second half included lists 10-19. As
task lists were standardized and randomly-generated, both halves should produce equivalent
measures.
Finally, to examine the effects of semantics on recall of GLT items, an adjusted version
of primary accuracy was computed separately to account for items for which participants
incorrectly recalled a similar-sounding word instead of the item itself.
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Complex Span Tasks. Participants completed shortened versions of the traditional
Operation, Reading, and Symmetry Span tasks on the computer (Turner & Engle, 1989; Conway
et al., 2005). The mean of the partial span scores is used as the WMC score.
Task Switching Task. A dual task involving the shifting executive function, adapted
from Atkins et al. (2014). Participants began by fixating on the computer display for 500 ms.
Based on a cue that was displayed centrally at variable time intervals (80 ms, 100 ms, 200 ms,
400 ms, and 800 ms), participants were asked to judge a set of digits (1-9, excluding 5) in
magnitude relative to 5 (lower or higher) and in parity (even or odd) as quickly and accurately as
possible using keys on a QWERTY keyboard.
Unlike Atkins et al. (2014)’s design which included “High-Low” and “Parity” as
additional cues that corresponded to Magnitude and Odd-Even trials, the only cues used to
designate the trial type were the words “Magnitude” and “Odd-Even”; this change was intended
to simplify the task for participants unfamiliar with the word, “Parity”, and in turn avoid possibly
contaminating response time measures over English vocabulary. A practice block of 10 trials was
used to ensure participants understand the instructions before moving onto a 100-trial
experimental block.
Each trial was considered a “task repeat” trial if the cue matched that of the previous trial;
otherwise, the trial was considered a “task switch” trial. To assess performance on trials that
require shifting relative to an accuracy baseline, the difference between task repeat and task
switch measures was considered the switching measure.
Flanker Task. The Flanker task is a component of the Attention Network Task (ANT),
the Flanker task requires participants to determine if a target arrow located directly above or
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below a fixation cross points either left or right, while ignoring distractor stimuli (Eriksen &
Eriksen, 1974). The distractor stimuli is classified as neutral (straight lines), congruent (arrows
pointing in the same direction as the target arrow), or incongruent (arrows pointing in the
opposite direction as the target arrow).
Participants held the computer mouse and respond using their thumbs to left-click if the
target arrow points left or right-click if the target arrow points right. Participants received the
following set of instructions and were asked to respond as quickly as possible without losing
accuracy: “This task will take a bit longer than the other tasks (around half an hour). In this task,
you will see a target arrow pointing to either the left or right. The target arrow will always be
located directly above or directly below the fixation cross. Please use the mouse to indicate
which direction the arrow is pointing: If the target is pointing to the left, click the left key with
your left thumb. If the target is pointing to the right, click the right key with your right thumb.”
Accuracy and response time measures were recorded separately for the two
classifications of the distractor stimuli. The differences between each measure on the
incongruent and congruent trials were used to operationalize EA. Throughout this thesis, this
task is referenced interchangeably as “Flanker task” or “ANT”.
PROCEDURES
To minimize the effect of the order in which tasks were completed, participants were
assigned to begin the study in one of two parts based on the third digit of a unique, randomized
ID assigned to each participant by Sona Systems prior to his or her arrival to the laboratory.
Participants completed the tasks in order as they are listed within each part, and subsequently
they completed the remaining part.
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Part A. Grocery List Task, Attention Networks Task
Part B. Operation Span, Reading Span, Symmetry Span, Task Switching Task
On the basis of this assignment, participants were directed to a seat at a computer station
upon arriving at the laboratory. Participants were asked to read and agree to the informed consent
form at the beginning of the demographics questionnaire. After consenting to take part in the
study, participants were asked to complete the questionnaire. Afterwards, the experimenter
prompted the participant to begin the tasks in the assigned order.
Every task except the GLT was completed at a computer station in the respective part of
the laboratory. After completing all the tasks in one part, participants completed the remaining
part at a different computer station. After completing both parts of the study, participants were
thanked for their time, awarded credit for their courses, and dismissed. The duration of the study
was approximately 90 minutes.
Notably, the order sequences were not implemented as a fully-randomized control of
order effects, but rather as a compromise. Specifically, given the short amount of time allotted to
data collection in the present study, two order sequences were devised as a means of increasing
the sample by allowing experimenters to administer the tasks to two participants simultaneously
without interruptions while providing some assessment of order effects. Although not every
possible permutation of task completion order is represented in the present study, if the GLT is
highly susceptible to order effects, they may still be detectable in a pairwise comparison of GLT
performance according to order sequence.
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CROSS-VALIDATION SAMPLE
A sample of 70 undergraduate students from the University of Central Florida completed
the GLT and several other tasks several months prior to the current sample, for the dissertation
that prompted this research (Louie, in press). The individuals sampled ranged from 18 to 32
years of age (M = 18.56, SD = 1.80), and 67.14% were female. A summary of their
demographics can be found in Table 2.
Participants in the cross-validation sample only completed lists 1-9 of the GLT. Thus, the
obtained GLT and WMC measures differs methodologically across studies. Nonetheless,
although measures from a variety of different domains are necessary to produce adequate
estimates of WMC (Conway et al., 2005; Unsworth et al., 2009; Foster et al., 2015), performance
on CSTs generally does not vary across these domains (Kane, Conway, Hambrick, & Engle,
2007). Moreover, assuming both halves of the GLT are equivalent, the primary accuracy
measures should remain comparable. As such, this sample will be used jointly with the current
sample for cross-validation to assess psychometric properties of the GLT.
Table 2: Demographic characteristics, cross-validation sample
Sex
Ethnicity
Male
Female
White
10
22
Hispanic/Latino
2
9
Black/African American
2
9
Asian
5
4
Mixed/Other
4
5
Totals
23 (31.94%)
49 (68.06%)
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Totals
32 (44.44%)
11 (15.28%)
11 (15.28%)
9 (12.50%)
9 (12.50%)
72

RESULTS
DEMOGRAPHICS
An analysis of demographic effects was conducted on the GLT measures. For primary
accuracy, no significant differences were observed between male and female participants, t(66) =
-0.40, p = n.s.. Likewise, primary accuracy did not significantly differ by ethnicity, F(5, 62) =
1.29, p = n.s.. No Sex × Ethnicity interaction effects reached significance for primary accuracy,
F(9, 58) = 0.73, p = n.s.. For secondary accuracy, no significant differences were observed
between male and female participants, z = 1.71, p = .08. Likewise, no significant differences in
secondary accuracy were observed by ethnicity, χ2(5, N = 68) = 3.51, p = n.s..
A positive correlation between age and primary accuracy approached significance, r(66)
= .23, p = .06. However, no such association was observed with secondary accuracy, r(66) =
-.13, p = n.s.. Primary accuracy was unrelated to GPA, r(66) = -.14, p = n.s.. Likewise, secondary
accuracy was unrelated to GPA, r(66) = .06, p = n.s..
Finally, primary accuracy did not differ by first language (F(5, 62) = 0.98, p = n.s.) or
university major, F(16, 51) = 0.73, p = n.s.. Likewise, secondary accuracy did not differ by first
language (χ2(5, N = 68) = 9.54, p = n.s.) or by university major, χ2(16, N = 68) = 20.82, p = n.s..
RELIABILITY
Order effects. Half of participants began by completing part A of the study (i.e., GLT,
ANT) first; the other half by completing part B (i.e., Operation Span, Reading Span, Symmetry
Span, TST) first. Regardless, no order effects reached significance for primary accuracy (t(66) =
-0.88, p = n.s.), secondary accuracy (z = -0.42, p = n.s.), or any of the other measures used.
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Internal consistency. Cronbach’s coefficient alpha was calculated for each set of lists
using the order in which items were recalled. For the first half of the task lists, the coefficient
alpha was calculated to be 0.73, while the second half produced a value of 0.81.
Further analyses of 4,802 inter-item correlations revealed 38.57% produced a correlation
coefficient estimate less than or equal to 0, while only 39.32% produced an estimate greater than
or equal to 0.10. Only 30.03% were statistically significantly larger than 0 at the 80% confidence
level. In addition, 17 items produced a median inter-item correlation coefficient of 0 or less.
These items were included in lists 1 (“pasta”), 2 (“cupcake”), 3 (“cinnamon”, “pepperoni”), 4
(“walnuts”), 5 (“pasta”), 6 (“peas”, “cashews”), 7 (“avocado”, “cabbage”, “pickles”), 9
(“croutons”, “broccoli”), 10 (“waffles”), 12 (“corn”, “garlic”), and 13 (“asparagus”). Notably,
“pasta”, the only item to appear twice on the same half (lists 1 and 5), produced a very poor
inter-item correlation with itself (r = -.14).

Figure 1: Median inter-item correlation coefficients for item recall.
Parallel-forms reliability. Thirty-six (52.17%) participants completed GLT lists 10-19,
while 32 (46.38%) completed lists 1-9; one participant completed both halves. Without
considering this participant, primary accuracy did not differ across the split halves, t(67) = -0.57,
p = n.s.. Likewise, secondary accuracy did not differ between task halves, z = -1.43, p = n.s..
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VALIDITY
Primary accuracy. The distribution of primary accuracy on the GLT was normal, M =
58.80%, Mdn = 60.00%, SEM = 1.32%, p = .06. Primary accuracy was positively correlated with
the mean CST score, r(66) = .32, 95% CI [.09, .52], p < .01. The Reading Span task was the only
CST which produced scores significantly associated with GLT primary accuracy, r(66) = .45,
95% CI [.22, .63], p < .001. By contrast, no significant linear relationship was observed between
primary accuracy and Flanker task accuracy (r(66) = -.06, p = n.s.) or response times, r(66) =
-.01, p = n.s.. Likewise, primary accuracy was unrelated to accuracy (r(66) = .16, p = n.s.) and
response time measures on the Task Switching Task, r(66) = -.18, p = n.s..
The version of primary accuracy adjusted for semantics was 1.45% higher than the nonadjusted version, t(67) = 6.14, 95% CI [0.98%, 1.92%] p < .0001. However, although adjustment
reduced standard error, primary accuracy was no longer normally-distributed, M = 59.89%, SEM
= 1.28%, p < .05. Moreover, the correlation coefficient between primary accuracy and the mean
WMC score was weakened by the adjustment, r(66) = .28, 95% CI [.05, .49], p = .019.
Secondary accuracy. The distribution of secondary accuracy on the GLT was nonnormal with a skewness of -3.44 and kurtosis of 17.45, M = 93.92%, Mdn = 96.00%, SEM =
1.01%, p < .0001. Secondary accuracy was unrelated to the WMC score, r(66) = .19, p = n.s..
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Figure 2a: Distribution of GLT primary
accuracy.

Figure 2b: Distribution of GLT secondary
accuracy.

No significant linear relationship was observed between secondary accuracy and Flanker
task accuracy (r(66) = -.22, p = .07) or response times, r(66) = -.09, p = n.s.. Finally, secondary
accuracy was unrelated to both accuracy (r(66) = .10, p = n.s.) and response times measures on
the Task Switching Task, r(66) = .00, p = n.s..
Table 3: Correlation matrix of task measures
GLT
Primary
Secondary

ANT
Acc
RT

+

+

+

TST
Acc

RT

+

+

CSTs
WMC

Primarya
.16
-.06
-.01
.16
-.18
.32**
a
Secondary +
.16
-.22
-.09
.10
.00
.19
Accb+
-.06
-.22
.03
.13
-.19
-.14
RTb+
-.01
-.09
.03
.05
-.09
.06
c
Acc +
.16
.10
.13
.05
-.03
.09
c
RT +
-.18
.00
-.19
-.09
-.03
-.01
WMCd
.32**
.19
-.14
.06
.09
-.01
**p < .01
+
Specifies that coefficients were calculated for non-normal data using Spearman’s
nonparametric method (rs).
a
Denotes accuracy measurements obtained from the Grocery List Task (GLT).
b
Denotes measurements obtained from the Attention Network Task (ANT).
c
Denotes measurements obtained from the Task Switching Task (TST).
d
Denotes the mean of the partial span score obtained from the Operation Span, Symmetry
Span, and Reading Span tasks.
Note: response time measures are labeled “RT” while accuracy measures appear as “Acc”.
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WMC disorders. Among the individuals recruited in the study, five had Attention
Deficit Disorder (ADD) or Attention Deficit Hyperactivity Disorder (ADHD), two had
Obsessive-Compulsive Disorder (OCD), and one was dyslexic.
For primary accuracy, the standardized z-scores obtained from these individuals ranged
from -0.61 to 1.46. Combined, individuals with WMC disorders had significantly lower primary
accuracy than individuals without WMC disorders, t(66) = -1.82, p < .05 (one-tailed). Due to the
small sample size of participants with WMC disorders, however, no within-group differences
reached significance for analyses of WMC deficiencies according to disorder, F(4, 3) = 0.61, p =
n.s.. In addition, those with untreated WMC disorders performed comparably to those who
receive treatment, t(6) = -0.81, p = n.s..
For secondary accuracy, no significant differences were detected between individuals
with WMC disorders and individuals without WMC disorders, z = -1.46, p = n.s..
Regression analysis. A multiple linear regression was calculated to predict standardized
GLT primary accuracy with WMC (i.e., the mean WMC span) and EA (i.e., accuracy on the
Flanker task portion of the ANT) as predictors. A significant regression equation was found, F(3,
64) = 5.49, p < .01, f 2 = .26. Accordingly, this is the model endorsed by the regression analysis:
GLT Primary(z) = (0.15)WMC + (0.07)EA + (-4.45 × 10-4)WMC×EA - 2.50
Overall, the model accounted for approximately 16.74% of the variance in GLT primary
accuracy z-scores. Expected primary accuracy z-scores correlated strongly with observed
primary accuracy z-scores, r(66) = .45, 95% CI [.24, .62], p < .001. However, the distribution of
standardized residuals obtained from the model was non-normal, M = 3.19 × 10-17, Mdn = 0.06,
SD = 0.89, p = .03626.

21

According to the model, a 1-point increase in mean WMC score was associated with a
GLT primary accuracy increase of 0.15 SD, all other factors held constant, t(64) = 3.69, p < .001,
d = 0.92. Likewise, a 1-point increase in ANT accuracy was associated with a GLT primary
accuracy increase of 0.07 SD, all other factors held constant, t(64) = 2.27, p < .05, d = 0.57. In
addition, the main effect of WMC on primary accuracy depends on EA and vice versa, t(64) = 2.62, p < .05, d = -0.66.
Table 4: Regression analysis of mean WMC span score and ANT accuracy as predictors of
standardized GLT primary accuracy
Source
Estimate (β)
SE
t*
p(|t| ≥ t*)
Intercept
-2.497100
0.714891
-3.493
.000872***
WMCa
0.149421
0.040464
3.692
.000462***
EAb
0.065975
0.029107
2.267
.026799*
WMC*EA
-0.004467
0.001704
-2.622
.010914*
*p < .05
***p < .001
a
Denotes the mean WMC partial span score.
b
Denotes the mean accuracy difference between incongruent and congruent trials on the Flanker
task portion of the Attention Networks Task (ANT).
CROSS-VALIDATION
A Welch t-test revealed that there were no significant differences in primary accuracy
between the present sample and the cross-validation sample, t(133.25) = -0.24, p = n.s..
Likewise, no significant differences were found between samples in secondary accuracy, z =
0.60, p = n.s.. However, WMC measures for the cross-validation sample were significantly lower
than those of the current of study, Md = 2.52, t(138) = 4.52, 95% CI [1.42, 3.62], p < .0001. ANT
accuracy was also lower for the cross-validation than for the current sample, Mdnd = 3.00, z = 3.11, 95% CI [-6.00, -1.00], p < .01.
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Figure 3: Distributions of standardized GLT primary accuracy.
Note: the current sample appears violet, while the cross-validation sample appears in red.
Regression analysis. As in the previous regression analysis, a multiple linear regression
was calculated to predict standardized GLT primary accuracy based on WMC and EA measures
in the cross-validation sample. Given the significant differences in WMC and EA between the
samples, the analysis was conducted separately rather than by pooling the samples.
A significant regression equation was found, F(2, 69) = 6.85, p < .01, f 2 = .20.
Accordingly, this is the model endorsed by the regression analysis:
GLT Primary(z) = (0.09)WMC + (-0.02)EA - 0.80
Overall, the model accounted for approximately 14.15% of the variance in GLT primary
accuracy z-scores. Expected primary accuracy z-scores correlated strongly with observed
primary accuracy z-scores, r(70) = .41, 95% CI [.19, .58], p < .001. Also, the distribution of
standardized residuals obtained from the model was approximately normally distributed, M =
1.29 × 10-17, Mdn = -0.07, SD = 0.91, p = n.s..
Based on this model, a 1-point increase in mean WMC score was associated with a GLT
primary accuracy increase of 0.07 SD, all other factors held constant, t(69) = 2.51, p < .05, d =
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0.60. In the cross-validation sample, the main effect of ANT accuracy failed to reach
significance, t(68) = 1.94, p = .05701. However, the main effect of WMC on primary accuracy is
dependent upon EA, t(69) = -3.31, p < .01, d = -0.80.
Table 5: Regression analysis of mean WMC span score and ANT accuracy as predictors of
standardized GLT primary accuracy, cross-validation sample
Source
Estimate (β)
SE
t*
p(|t| ≥ t*)
Intercept
-0.8000176
0.4431461
-1.805
.07539
WMC
0.073701
0.0387765
2.511
.01438*
WMC*EA
-0.0018551
0.0005607
-3.309
.00149**
*p < .05
**p < .01
ITEM RECALL PATTERNS
Finally, an analysis of recall patterns for every GLT list was conducted using locallyweighted scatterplot smoothening (LOWESS) curves of the recall rank mode (i.e., the most
frequently-occurring order in which a particular item was recalled along the sequence of items
recalled by participants) and difficulty index (p) (i.e., proportion of participants who correctly
recalled the item) (Miller & Lovler, 2016) in order to identify lists in which item recall suggested
evidence of the serial-position effects (Capitani, et al., 1992). As lists 16 and 19 only have two
items each, they were excluded from this analysis. Regardless, the plots and curves for item
recall patterns appear in Appendix D.
The criteria for resembling the serial-position effect simply requires that for any given
list, the LOWESS curves of the difficulty index and recall rank mode resemble a U-shaped curve
about the middle items such that the first and last items are recalled relatively more frequently
(i.e., high value of p) and ahead of (i.e., low recall rank mode) other items on the list (Capitani, et
al., 1992). Using these criteria, evidence of the primacy effect was observed in the difficulty
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index curves of every list except list 4, as well as in the recall rank mode curve of lists 1, 3-6, 9,
and 13. The recency effect was observed in the difficulty index curves of lists
2-11, 13, 15, 17, and 18, as well as in the recall rank mode curve of lists 1, 2, 5, 8, 12, and 15.
Overall, the primacy effect was observed in some capacity in every list, while the recency effect
was only entirely absent from list 14.
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DISCUSSION
The body of psychometric evidence presented in this thesis provides support for the GLT
as an alternative measure of WMC to traditional CSTs. Below is an evaluation of the GLT’s
strengths and weaknesses as a complex span task.
THEORETICAL IMPLICATIONS
Hypothesis 1. Despite halving the sample size associated with analyses of internal
consistency, splitting the task showed success in producing two equivalent forms of the GLT,
each unaffected by order effects and above the conventional lower-bound threshold of 0.70 for
internal consistency in CSTs (Conway et al., 2005). Although Cronbach’s coefficient alpha is
subject to biases as the number of items increases (Okada 2013; Vaske, Beaman, & Sponarski,
2017), it serves as a preliminary, conservative estimate of the GLT’s internal consistency
(Cronbach, 1951).
Hypothesis 2. As expected, individuals with clinical WMC disorders produced
significantly lower primary accuracy on the GLT than other participants, although the same
differences were not present in secondary accuracy. Due to the small number of participants with
WMC disorders, however, not much else can be said about within-group differences according to
disorder or treatment.
Moreover, GLT accuracy measures failed to replicate age-linked differences in WMC in
the current sample (Clark et al., 2018). Although the significance test for this analysis
approached significance, it is likely that the variability in age of the current sample was too
restricted to detect a significant correlation between task measures and age.
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As predicted, none of the other demographics factors were related to GLT measures,
suggesting that measurements obtained from the GLT are equivalent across demographic groups.
Hypotheses 3-6. The GLT primary accuracy measure was normally-distributed, allowing
for calculations of z-scores in regression analyses, and it was related to several of the other
measures. By contrast, secondary accuracy was non-normal and unrelated to any predictors. As
such, it was excluded from further analyses as a WMC measure. However, as most participants
had very high accuracy and low variability on this partial span, it may be useful to use secondary
accuracy to gauge whether participants are completing the task correctly or merely guessing
randomly. In fact, the participants who were excluded from the present sample for not
completing the tasks correctly produced much lower secondary accuracy than others.
As hypothesized, the GLT (specifically, primary accuracy) was strongly related to the
mean score obtained from other CSTs, especially the one most closely related in design: the
Reading Span task. This result is interpreted as convergent evidence of validity for GLT primary
accuracy. In addition, both GLT measures were unrelated to measures obtained from the Task
Switching Task, as expected of CSTs which are unrelated to shifting. Thus, this result provides
discriminant evidence of validity for the GLT measures. Combined, these results are supportive
of the GLT’s construct validity.
Although the correlation between GLT primary accuracy and EA was non-significant,
regression analyses for both samples revealed a significant interaction effect between WMC and
EA. The model fit for the current sample revealed a significant main effect of EA which was
non-significant when WMC was excluded from the model; the same main effect was only
marginally-significant in the cross-validation sample.
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Regardless, these model fits suggest that variability in the GLT primary accuracy
measure can be explained by tasks which involve the updating and inhibition executive functions
(Miyake et al., 2000). Like other CSTs, the GLT was unrelated to the shifting executive function,
operationalized as measures obtained from Task Switching Task (Miyake et al., 2000).
Accordingly, these convergent and discriminant provide evidence of validity via established
relationships with other latent variables. In other words, GLT primary accuracy and its observed
relationships with other variables were consistent with an established theoretical framework of
working memory (i.e., Miyake et al. (2000)’s executive functions model).
Hypothesis 7. The cross-validation analysis revealed that GLT measures did not differ
across samples, providing evidence in favor of the GLT as a standardized measure. Likewise, the
regression model observed in the present sample was replicated with the cross-validation sample.
Unfortunately, however, the null differences in GLT accuracy were observed along with
statistically-significant differences in WMC and EA between samples, suggesting that the GLT
may not be currently as sensitive as other measures in detecting individual differences.
Although mixed, these preliminary findings suggest the GLT has potential as a
standardized measure WMC with further validation. In addition, although the current study
proposed using the GLT as a standardized measure of WMC, the task may have applicability
elsewhere in cognitive research given that many of the list recall patterns closely resemble the
patterns expected of the serial-position effect (Capitani et al., 1992).
PRACTICAL IMPLICATIONS
The evidence presented in this thesis is mostly supportive of the GLT as a higher-fidelity
measure of WMC. Researchers oriented towards applied cognitive research can benefit from the
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advantages offered by the GLT over traditional CSTs and use the task to engage the working
memory system in studies of vehicular systems, aviation, user interface, or any activity that
restricts participants to verbal responses. For visually-impaired individuals, the GLT may serve
as an estimate of WMC comparable to that of other CSTs. Finally, with further improvements to
task items, the GLT may be capable of detecting WMC impairments for participants with mental
or learning disorders.
LIMITATIONS
Order effects. The control of order effects was limited to two distinct order sequences in
the present study for practical reasons. Although no order effects were observed between the two
order sequences, the present study does not conclusively eliminate the possibility of order effects
on GLT measures.
Ethnicity and first language. When considering the GLT’s reliability and potential
generalizability, however, it is worth noting that although the effects of ethnicity and first
language were reportedly null in the present sample, the task items are entirely in English and the
task was administered to an overwhelmingly English-speaking (82.61%) and White (55.07%)
sample. Thus, it is possible that further studies may observe significant differences in GLT
accuracy by first language or region due to a lack of familiarity with the vocabulary and
semantics of the items presented in the list.
Shifting. The shifting executive function was operationalized using an adaptation of
Atkins et al. (2014)’s Task Switching Task (TST). Aside from the face validity of task design,
not much is known about the psychometric properties of the TST.
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Regression analyses. In the interest of examining construct-related evidence of validity,
a confirmatory factor analysis (CFA) would have been a method of studying the relationships
between latent variables in this study and the GLT (Miller & Lovler, 2016). However, the
minimum sample size required for this procedure is approximately 300 (VanVoorhis & Morgan,
2007) and data collection was limited to the summer semester. Although this approach was
methodologically unfeasible for the present study, it may describe the relationships observed in
the regression analysis in more depth.
Cross-validation. The sample obtained for cross-validation does not fit the common
definition of a cross-validation sample, given that these individuals were undergraduate students
recruited from the same university, and the sample size was approximately the same as that of
the current sample. As such, this analysis may be viewed as a quasi-between-subjects analysis of
test-retest reliability rather than cross-validation.
Although no significant differences were found between GLT measures, the samples
were not equivalent in EA and WMC, limiting the scope of conclusions reached by analysis.
FUTURE RESEARCH
In conducting this psychometric analysis of the GLT, the main intent was not to formally
create a task, but rather to demonstrate that the task design paradigm of grocery lists shows
promise in producing higher-fidelity measures of WMC. In fact, I highly suspect that future
research involving the GLT would likely involve modifications of the items on the lists, such as
improving internal consistency by conducting a formal item analysis on a larger sample or
revising problematic items to strengthen the weak inter-item correlations observed in the present
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study. In turn, these improvements may improve the task’s sensitivity in detecting individual
differences in WMC, as was observed in the cross-validation analysis.
The vocabulary used in the GLT may contaminate some of the obtained measures in
larger samples with participants unfamiliar with certain grocery items. As such, other
psychometrically-oriented researchers may opt to create region- or language-specific items to
minimize the potential effects of semantics on measures obtained from the GLT. Likewise, they
may opt to use adjustments similar to the one proposed for item recall in which similar-sounding
words were recalled instead of the list items, although this particular approach was unsuccessful
in strengthening the relationship with WMC.
Notably, along the process of data collection for this study, participants frequently
reported that some of the items “stood out” to them or were difficult to remember due to their
lack of familiarity with the items, suggesting that the salience effect may have occurred with
some items (Platzer & Bröder, 2012). These occurrences warrant further study as the salience
effect is related to attentional factors (Dowd & Mitroff, 2013), which given the interaction
between WMC and executive attention reported in the regression analysis, certainly make the
salience effect a potential moderator of primary accuracy measures obtained from the GLT.
For cross-validation, future studies may recruit a much larger sample obtained than the
one used, and from a different participant population. As mentioned, a confirmatory factor
analysis would be a more suitable method for future researchers to test how the GLT adheres to
theoretical models of WMC on a larger sample. Coupled with this approach, researchers may opt
to add an external measure of the inhibiting executive function. In addition, it may be worth
exploring what item-level and list-level factors produce the recall pattern indicative of the serial-
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position effect exhibited in the recall lists, as well as whether age-related differences can be
observed in a sample that is more variable in age.
Finally, it is also foreseeable that an automated version of the GLT may be created with
superior administration characteristics, such as the ability to record and score participant
responses and response times using voice-recognition software (from which online adaptations
can be made), expanding and modifying the grocery item vocabulary pool, minimizing
experimenter bias, providing feedback, and procedurally-generating lists for computer-adaptive
testing (CAT) (Miller & Lovler, 2016).
.
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APPENDIX B: GLT INSTRUCTIONS AND SAMPLE LISTS
Instructions: “In this task, imagine you are going to the grocery store and need to pick up a list
of items. Each item comes in a varying number of boxes. I will tell you the price of each item,
and how many boxes you need to buy. Please verify the total cost of each item by saying ‘Yes’
or ‘No’. We will give you four seconds to respond before moving on to the next item. At the end
of the list, I will ask you for all the items.”

Sample List 1
You need to pick up 2 boxes of $2 bacon. $4? [Yes / No] (Correct response = “Yes”)
3 boxes of $9 onion. $21? [Yes / No] (Correct response = “No”)
2 boxes of $3 garlic. $3? [Yes / No] (Correct response = “No”)
1 box of $9 tuna. $9? [Yes / No] (Correct response = “Yes”)
Please recall the list. (Correct response = “bacon, onion, garlic, and tuna”)

Sample List 2
1 box of $7 corn. $7? [Yes / No] (Correct response = “Yes”)
4 boxes of $1 chocolate. $8? [Yes / No] (Correct response = “No”)
2 boxes of $2 chicken. $5? [Yes / No] (Correct response = “No”)
Please recall the list. (Correct response = “corn, chocolate, and chicken”)
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APPENDIX C: GLT LISTS
Cost

Item

Question

Correct
answer

Lists 1-9
List 1
(7 items)
0:00 min
2
6
6
7
1
2
9

boxes of
boxes of
boxes of
boxes of
box of
boxes of
boxes of

$1
$4
$7
$1
$5
$4
$6

Jello
Pasta
Berries
Mango
Pecans
Celery
Salami

$2
$24
$36
$7
$6
$8
$54

YES
YES
NO
YES
NO
YES
YES

List 2
(3 items)
1:02 min
2
3
6

boxes of
boxes of
boxes of

$1
$1
$7

Parfait
Cupcake
Cinnamon

$3
$4
$49

NO
NO
NO

List 3
(3 items)
1:29 min
3
3
4

boxes of
boxes of
boxes of

$1
$1
$8

Pepperoni
Yeast
Basil

$4
$2
$40

NO
NO
NO

List 4
(3 items)
1:56 min
6
4
5

boxes of
boxes of
boxes of

$4
$5
$1

Walnuts
Almonds
Zucchini

$24
$25
$6

YES
NO
NO
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List 5
(5 items)
2:24 min
5
1
5
9
4

boxes of
box of
boxes of
boxes of
boxes of

$3
$8
$9
$9
$4

Pasta
Carrots
Coleslaw
Tangerine
Mushrooms

$15
$8
$45
$81
$20

YES
YES
YES
YES
NO

List 6
(8 items)
3:09 min
2
6
3
9
6
4
7
3

boxes of
boxes of
boxes of
boxes of
boxes of
boxes of
boxes of
boxes of

$9
$2
$9
$7
$8
$4
$1
$5

Tea
Onion
Figs
Peas
Cashews
Plums
Strawberries
Bacon

$27
$12
$36
$70
$48
$12
$14
$20

NO
YES
NO
NO
YES
NO
NO
NO

List 7
(8 items)
4:22 min
1
5
2
6
9
8
5
6

box of
boxes of
boxes of
boxes of
boxes of
boxes of
boxes of
boxes of

$7
$6
$4
$2
$4
$8
$2
$4

Spinach
Jam
Nutmeg
Ravioli
Avocado
Cabbage
Pickles
Vanilla

$7
$36
$8
$12
$45
$64
$15
$24

YES
NO
YES
YES
NO
YES
NO
YES

List 8
(6 items)
5:36 min
5
1
6
6
7
4

boxes of
box of
boxes of
boxes of
boxes of
boxes of

$5
$4
$4
$9
$5
$3

Cucumber
Grapes
Oregano
Oatmeal
Lettuce
Biscuit

$30
$4
$24
$54
$35
$16

NO
YES
YES
YES
YES
NO
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List 9
(7 items)
6:31 min
2
7
5
2
8
1
5

Lists 10-19
List 10
(7 items)
7:35 min
6
9
8
9
1
4
6

boxes of
boxes of
boxes of
boxes of
boxes of
boxes of
boxes of

$3
$4
$5
$7
$5
$7
$6

Artichoke
Cheese
Peppers
Vinegar
Croutons
Broccoli
Margarine

Cost Item

boxes of
boxes of
boxes of
boxes of
boxes of
boxes of
boxes of

$9
$2
$6
$4
$8
$2
$1

$6
$5
$30
$21
$32
$14
$36

Question

YES
NO
NO
NO
NO
NO
NO

Correct
answer

Radish
Paprika
Flour
Lentil
Tamarind
Spinach

$54
$18
$48
$45
$16
$8

YES
YES
YES
NO
NO
YES

Waffles

$12

NO

List 11
(4 items)
8:40 min
1
3
9
7

boxes of
boxes of
boxes of
boxes of

$1
$6
$8
$8

Cherries
Olives
Almonds
Chicken

$2
$18
$81
$56

NO
YES
NO
YES

List 12
(5 items)
9:16 min
5
4
1
2
8

boxes of
boxes of
boxes of
boxes of
boxes of

$8
$2
$1
$7
$7

Corn
Tomatoes
Ginger
Coconut
Garlic

$40
$8
$1
$14
$56

YES
YES
YES
YES
YES
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List 13
(6 items)
10:02 min
9
6
7
2
1
2

boxes of
boxes of
boxes of
boxes of
boxes of
boxes of

$4
$3
$7
$1
$8
$7

Salmon
Apples
Chocolate
Sausage
Orange
Asparagus

List 14
(6 items)
10:56 min
2
1
4
4
6
2

boxes of
boxes of
boxes of
boxes of
boxes of
boxes of

$1
$9
$4
$1
$6
$8

Tuna
Anchovies
Croissants
Kimchi
Halibut
Sauerkraut

$2
$9
$4
$4
$42
$16

YES
YES
NO
YES
NO
YES

List 15
(8 items)
11:51 min
5
2
9
1
5
4
3
9

boxes of
boxes of
boxes of
boxes of
boxes of
boxes of
boxes of
boxes of

$8
$6
$1
$4
$1
$2
$7
$5

Horseradish
Nectarines
Cranberries
Blueberries
Crabmeat
Quinoa
Couscous
Hazelnut

$8
$18
$9
$4
$1
$12
$21
$45

NO
NO
YES
YES
NO
NO
YES
YES

List 16
(2 items)
13:05 min
5
6

boxes of
boxes of

$9
$2

Tortillas
Shallots

$45
$12

YES
YES
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$45
$18
$42
$2
$1
$21

NO
YES
NO
YES
NO
NO

List 17
(6 items)
13:22 min
5
2
4
4
8
7

boxes of
boxes of
boxes of
boxes of
boxes of
boxes of

$4
$8
$1
$5
$5
$3

Prunes
Cilantro
Wasabi
Hummus
Molasses
Apricots

$25
$2
$8
$25
$40
$21

NO
NO
NO
NO
YES
YES

List 18
(4 items)
14:22 min
7
5
5
1

boxes of
boxes of
boxes of
boxes of

$5
$6
$5
$2

Lemongrass
Applesauce
Barley
Hushpuppies

$35
$36
$5
$2

YES
NO
NO
YES

List 19
(2 items)
15:00 min
8
8

boxes of
boxes of

$2
$5

Rigatoni
Seasoning

$24
$40

NO
YES
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List 3
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List 5
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List 7

List 8
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List 9

List 10
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List 11

List 12
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List 13

List 14
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List 15

List 16
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